Introduction
When the complete clinical status of a patient has been obtained (extent of tumor, grading, staging, etc.) and external-beam therapy has been chosen, additional information on patient anatomy is usually required before treatment planning can be started. This information includes the size and shape of the target volume(s) which is to be defined by the radiotherapist prior to any planning, and the identification of organs at risk, heterogeneities and other relevant anatomical structures. These data are the result of several different types of examination: inspection and palpation, xray examination, CT -scanning, ultrasound scanning, etc. Recent developments in the field of imaging devices such as Magnetic Resonance Imaging (MRI), Positron Emission Tomography (PET) and Single Photon Emission Tomography (SPECT) will make more information available to the clinician. In using this information, one must always remember that volumes not areas are being considered.
Traditionally, anatomical data are usually represented by a series of transverse parallel sections containing the target volume, etc. In some cases, other sections (sagittal, coronal) may be required. It is, nevertheless, common practice to use only a single transverse section, usually the one that will contain the beam axis, for dose calculation purposes. In doing this, one makes the tacit assumption that the entire irradiated volume, including the target volume, has the same contour and configuration as the section used. Sometimes this is an acceptable assumption but frequently it is not, particularly in the head and neck region. It should always be used with caution.
All patient data directly used for treatment planning should be collected with the patient in the treatment position. Utmost care must be taken to ensure consistency in patient positioning during the planning phase and during treatment. Irradiation in different positions (e.g., prone and supine) should be avoided whenever possible. In those cases where the patient must be irradiated in different positions, a composite anatomical section can be used if it approximates the situation met in the treatment. Such sections should be composed so as to assure that the dose distribution in the treated volume and other high-dose areas (e.g., skin) is reproduced as correctly as possible. The effect of using a composite section should be estimated and if used, these sections should be indicated as such.
Ideally, all anatomical information (except for peripheral and/or superficial lesions) should be de-15 scribed in relation to a standardized patient coordinate system. Such a system facilitates the comparison and pooling of diagnostic data (e.g., delineation of target volume and evaluation of treatment effects) and can conveniently be used to define the patient grid for treatment planning (see Section 5.4). However, no such general system has been agreed upon although some proposals have been made (ICRU, 1978; Lamm and Dahlin, 1984b ); see also Figure 5 .1a.
Acquisition of Patient Data

Analog Methods
A wide range of equipment is in common use for obtaining the patient's contour: calipers and lead wires, parallel or divergent rods, pantographs, transducers and various optical devices such as Moire cameras and CT scanners. For internal topography, orthogonal x-ray films and/or analog images from CT, MRI, etc. may be used. Additional information may be obtained by direct measurements in a cavity or by means of ultrasound. Whatever analog images are used, care must be taken to avoid distortions that may be caused by enlargement or other processing. Such distortions are generally not of importance for diagnostic purposes and may easily be overlooked. In the case of ultrasound scans, manual operation of the probe can easily lead to contour distortions. It is always possible, and recommended, to check maximum dimensions of a contour by means of calipers. With these methods, the number of measured points from which to construct the contour varies considerably, greatly influencing accuracy.
The use of standard atlases as the only source of obtaining the internal topography of a planning section must be strongly discouraged.
Digital Methods
The increased accessibility of CT scanners makes this imaging method the main source of patient information in current radiotherapy. In addition, the digital matrices of images may be fed directly into the treatment planning computer for processing and display if appropriate hardware and software is available (Mohan et al., 1981) (see Section 6.3.3). The number of pixels in the CT image should be sufficiently large to provide good image quality. A matrix size of 512 X 512 pixels is to be considered minimum for determining geometric anatomical information.
The contours of internal structures may be generated either automatically from the CT number distribution or defined by user interaction. These can be used for representing outlines and the body contour of an anatomical section can, in this way, also be derived automatically (Figure 4 .1). To determine the external contour it may be necessary to remove some details of the image such as the parts of the couch or immobilization devices not used during treatment. For internal contours it may be necessary to remove contrast medium used for diagnostic purposes. Means for doing this, as well as the possibility of selecting appropriate contours, should be provided by the software used.
Work on adaptation of already existing methods for automatic definition and recognition of structures to radiotherapy applications, as well as development of new methods, is in progress.
The contours of internal structures obtained automatically from, for example, the CT image, may be very complicated in shape. The image information may instead, or in addition, be used to delineate contours of internal structures by user interaction via, e.g., cursors, light-pens, or graphical digitizers (Goitein and Abrams, 1983a) . This applies specifically to the target volume, which always must be defined by the radiotherapist.
For many imaging techniques, e.g., with ultrasound and MRI the orientation of the plane to be investigated can b; chosen rather freely. For CT scanning, reconstruction of planes other than cross-sectional ones is possible provided a sufficient number of sections are scanned (Figure 4 .2, see also Section 7.3.4). It is always essential, for radiotherapy purposes that the patient be positioned in the same way and on the same flat surface for both imaging and irradiation.
Representation of Patient Data
Representation of Contours in a Section
One of the uses of contour information in computerized dose calculations is the determination of distances between points of intersection of (primary) rays and the contour and various points of interest. These are needed as the basis for some types of dose calculations. Three criteria are important: accuracy, flexibility and simplicity. It is probably a reasonable requirement that the difference between the true contour and its representation should not give rise to errors in dosage in excess of one percent of peak absorbed dose per beam. For high-energy photon beams, this requires a geometric accuracy of better than 3 mm (see Chapter 9). 4.3.1.1 Polygonal Approximation. Experience shows that a small number of suitably chosen points on the contour, connected by straight lines, can satisfy the above criteria. As few as about 20 suitably chosen points per contour may be satisfactory. Cartesian coordinates or a polar grid can be used. For the latter, the location of the origin is important, especially if the points are sampled at constant angular intervals. 4.3.1.2 Curve Fitting. For the purpose of a continuous representation of outlines, with a view to data reduction, curve fitting methods have been used. Spline functions enable a relatively easy approximation even of complex outline forms, although some care has to be observed to avoid oscillations. Parametric representation [the outline as a function of, say x and y, may be described by two polynomials with parameter t, x(t) and y(t)), can also be used.
Representation of Surfaces in a Volume
Radiotherapy is always concerned with three-dimensional structures. For practical reasons, however, treatment planning has usually been performed using two-dimensional body sections only. Three-dimensional structures are usually acquired and displayed as a series of parallel body sections, each of which can be handled as described previously. Volumetric images may be derived provided a sufficient number of closely spaced sections are obtained, usually of the order of 30-50, depending on the anatomical site (see also Sec-4.3 Representation of Patient Data . . . 17 tions 5.4.3 and 7.3.4). This allows for three-dimensional treatment planning techniques with no limitation on beam geometry. Rosenow (1969b) has outlined a method for obtaining the three-dimensional surface shape of a contour by measuring from radiographs with stereoscopic techniques, the position of a number of user defined surface points.
Some examples of basic principles of three-dimensional representation of surfaces are given: step representation (Figure 4.3) , and triangular representation (Figure 4.4) .
A volume estimation may be carried out in terms of a summation over the cylindrical volumes of the individual slices, in terms of a polyhedral approximation (Cook et at., 1980) or in terms of an assumed simple or composite geometrical shape such as an ellipsoid or a Fig. 4.3 . Example of step-representation. The simplest approach to represent a three-dimensional surface is to take crosssections at regular distances, say every cm, and assign to them a cylindrical layer of a thickness which equals the distance between two cross-sections. (From Siddon and Kijewski, 1981.) Nusslin and Hassenstein. 1980.) paraboloid. Such estimations are necessary for obtaining dose-volume statistics (see Chapter 7).
Representation of Densities
To represent the patient in terms of physical parameters for use in dose calculations, the anatomical structures, defined as described above, have usually been assigned bulk densities; the electron density relative to that of water being the commonly used physical parameter used by megavoltage photon dose calculation algorithms (see Section 5.2.3).
In computed tomography, CT numbers representing properties of volume elements of the body, are obtained. These numbers can be directly transformed into relevant physical parameters, e.g., relative electron density values based on measurements (Knoos et ai., 1986) . Such a conversion is illustrated in Figure   4 .5. When a density matrix is used as the basic patient information for pixel based heterogeneity correction, internal contours are no longer needed for dose calculation purposes. A matrix size of 128 X 128 pixels in the calculation plane is to be regarded as the minimum required to obtain the desired dose calculation accuracy. For most scanners, the pixel size associated with such a matrix is a little less than 4 mm 2 • An uncertainty of one pixel in determining an individual path length would then result in perhaps a 2% uncertainty in calculated dose and would be less than this if the dose calculation involved the determination of many path lengths. The image resolution required for dose calculation is much less stringent than for object localization discussed in Section 4.2.2.
For three-dimensional calculations, a corresponding three-dimensional density matrix is required.
At present there is no simple way to determine physical parameters from MRI. Such images can, in this context, be used only to show locations of structures.
